The environmental management literature suggests that resilience is key to managing complex systems and reducing vulnerability resulting from uncertainty and unexpected change. Yet, flood risk management (FRM) has emerged largely from a culture of resistance. This paper takes the pulse of the current state of FRM research, with a focus on how the scholarly community has approached governance for flood resilience. Our analysis of the FRM journal literature identified 258 articles addressing governance and flooding, resilience and adaptation. Five main research themes emerged from these articles, addressing a variety of issues, but mostly lacking the degree of integration needed to address the socialecological complexity of FRM. Overall, research supporting the governance of FRM for resilience lacks integration, and methods of mitigating this lack of integration are poorly studied. We conclude with a discussion about the nature and scope of FRM research for resilience, and identify opportunities for more integrative FRM research that is more tightly coupled with policy and practice.
Introduction
Globally, floods are responsible for considerable and increasing economic and social losses (Kundzewicz et al., 2014) . In Canada, e.g. floods are happening more frequently and are more widespread under a rapidly changing climate (Whitfield et al., 2012; Nastev and Todorov, 2013) . Between 1990 and 2015, 141 flood disasters were recorded in Canada, which were responsible for killing 21 people, evacuating 215 207 people, and costing an estimated CAD $7.9 billion in damages (Canadian Disaster Database, 2016) . Based on spending in the previous decade, the Canadian Government expects to pay out, on average, CAD $673 million per year over the next 5 years in disaster assistance funds (Parliamentary Budget Office, 2016) . In the UK, annual flood damage is estimated at £1.1 billion and expected to rise to as much as £27 billion by 2080 under a worst-case climate change scenario, with no additional adaptation measures (Foresight, 2004) ; the maintenance of existing levels of flood defence will require increases in spending of over £1 billion annually (Bennet and Hartwell-Naquib, 2014) . In Australia, between December 2010 and January 2011, Western Australia, New South Wales, Victoria, and Queensland experienced widespread flooding that resulted in 37 lives lost and a total cost of over AUD $30 billion to the Australian economy (Garrett, 2011) .
The standard approach to flood risk management (FRM) amongst developed nations has often been the adoption of resistance-based strategies (Zevenbergen and Gersonius, 2007; Shrubsole, 2013 ) -attempting to control flood threats with infrastructure, and controlling behaviour with laws and regulations (Holling and Meffe, 1996) . The aim of resistance-based strategies is to remove, as far as possible, the threat of extreme variations and to minimise the potential for adverse impacts to society. Although this approach can provide substantial protection against floods, including minimizing the costs associated with design floods (see Meyer et al., 2012) , it does not cope well with uncertainty. A sole focus on resistance to flooding can be costly in terms of human life, property and infrastructure, particularly in those cases when infrastructure or regulatory controls fail to provide adequate protection against surprise events (FDRP, 1975; Holling and Meffe, 1996; Folke et al., 2002; EU Flood Directive, 2007; Dawson et al., 2011; Park et al., 2013) .
Adaptive approaches, embracing uncertainty and seeking to accommodate rather than control environmental systems, offer a complementary response to resistancebased FRM. Substantial academic literature on adaptively managing dynamic systems has been available since at least the 1950s (Walters and Hilborn, 1978) . Adaptive approaches focus on mitigating, coping with, and recovering from expected and unexpected change through a diverse range of policy and management options. A significant component of adaptation is continuous learning from, and embracing, changing system conditions (Akamani and Wilson, 2011; Zhou et al., 2012; van Wesenbeeck et al., 2014) . The desire to apply adaptive approaches to environmental management has gained prominence since the late 1970s (e.g. Holling, 1978; Walters and Hilborn, 1978; Grayson et al., 1994; Gunderson, 1999; Folke et al., 2002; Allan and Stankey, 2009) , and is gradually being adopted into policy and practice (Noble, 2015a (Noble, , 2015b .
FRM has also embraced adaptive approaches. The Flood Damage Reduction Program in Canada, e.g. acknowledged decades ago the need to move away from sole reliance on large-scale defensive flood control structures towards more diverse and adaptive approaches (FDRP, 1975) . More recently, the European Union encoded in law the need for its member states to embrace a more adaptive view of FRM, with the introduction of the 2007 EU Flood Directive (2007/60/EC) identifying the need for not only flood defense and preparedness, but also the capacity to cope with and adapt to flood events. The emergence of more adaptive approaches to FRM does not suggest that traditional, resistance-based approaches are without merit. Improving resilience to flood events, and building the capacity to adapt to changing flood conditions, requires a combination of both resistance-and adaptive-based approaches (Schelfaut et al., 2011) .
Resilience is the ability of a system to absorb disturbance, and the capacity to reorganize while undergoing change, to retain its function, structure, and identity (Folke et al., 2010) . In the past two decades there has been an increase in FRM scholarship focused on how 'good governance' can promote resilience to flooding (e.g. Dwyer et al., 1997; Buckland and Rahman, 1999; Cutter et al., 2000; Smits et al., 2006; Levy et al., 2007; Carter et al., 2009; Rosner et al., 2014; Borba et al., 2015) . Governance refers to the broad processes, institutions, policies, and relationships through which decisions are made and actions taken that affect environmental and social systems, including how environmental problems are approached; versus management, which involves operational decisions to achieve specific outcomes (Armitage et al., 2012) and may be seen as a sub-set of governance. Multidisciplinary research initiatives, especially in Europe (e.g. FLOODsite, Flood Risk Management Research Consortium, STARFlood, and others), e.g. demonstrate a concerted effort to develop resilient approaches to FRM; however, in many cases transitioning to a more diverse set of strategies, policies and actions has been constrained by governance -specifically, institutions that are inherently resistant to change (Pahl-Wostl and Knieper, 2014; Barnett et al., 2015; Penning-Rowsell and Johnson, 2015) .
Guidance for improving FRM governance to enhance resilience to floods should be available from the scholarly literature. However, there has been no investigation of the state of FRM resilience research as it relates to governance, or of the key gaps in knowledge that need to be addressed to improve resilience to flooding. The purpose of this paper is thus to assess the nature and scope of scholarly research on FRM governance for resilience, and to suggest an agenda for research that better integrates FRM policy and practice. We do so based on the argument that understanding how the scholarly community relates resilience in FRM research to governance, policy and management actions will help in identifying and prioritizing research needs to enable FRM policy and process improvements. We do this by examining how the scholarly, peer reviewed journal literature has approached the subject of FRM governance and resilience to flooding, the dominant lines of inquiry, and the gaps in knowledge and understanding.
Methods
Our analysis of the FRM literature focused solely on what resilience scholars are addressing in their research, as represented by the peer-reviewed journal literature. Using the Scopus database (see Baykoucheva, 2010) , the search string (TITLE-ABS-KEY (flood*)) identified 178 663 papers addressing some aspect of flooding. Journal papers published up to December 2016 were included, with no lower date limit set. Of these papers, 48 281 included flood in the title, suggesting that it was likely a key focus. When resilience and related concepts (e.g. governance, adapt*, resiliency) were added to refine the search, only 1245 papers were identified (less than 3%). These papers speak directly to issues concerning FRM resilience, governance and adaptation. A seven-step process was then adopted to complete the search process (Figure 1) .
The 1245 papers were screened using the search string '(TITLE(flood*)) AND (KEY(adapt OR governance OR resilience OR resiliency))' to identify papers that self-identified as addressing flooding and governance, resilience or adaptation. Of the 982 resultant papers, many were not relevant to the scope of our review --papers such as those addressing biochemistry (e.g. Rivest et al., 2013) , human health (e.g. Bei et al., 2013) , engineering design (e.g. Ouyang et al., 2015) , and plant ecology (e.g. Raymond et al., 2014) . The list of papers was then narrowed first to peer reviewed journal articles in English, and then further restricted to subject areas considered most likely to contain research relevant to flood governance and resilience -e.g. environmental sciences, social sciences and engineering. The results were then filtered to those papers containing keywords linking them to flood governance and resilience (i.e. flood control, disaster management, vulnerability). A title scan showed many papers focused on agricultural technology and soil biochemistry in relation to flooding (e.g. Voesenek and Sasidharan, 2013; Maxwell et al., 2014) ; the subject area 'agriculture and biological sciences' was thus excluded from the search.
All remaining papers were manually scanned to remove less-relevant papers, e.g. those broadly focused on climate change rather than flooding (e.g. Arnell and Lloyd-Hughes, 2014) ; papers discussing drought (e.g. Rijke et al., 2014) ; and papers focused on the ecological effects of flooding on flora and fauna but with no social or policy focus (e.g. Murray et al., 2012; Scharbert and Borcherding, 2013) . Conditions were also set to focus the search on those papers dealing with inland, fluvial and pluvial flood governance in the western world, including Europe, Australia, and the Americas. For this reason, papers focused on coastal flooding and sea level change were also removed.
The final set of papers was thematically analysed (e.g. Braun and Clarke, 2006) using NVivo v.10 qualitative analysis software to code papers into research themes. Topics, for this paper, are defined as specific areas of research, whereas themes are broader subjects that connect one or more specific topics. For example, collaboration and public participation can be considered topics within a much broader research theme: stakeholder engagement. This type of coding and classification of research themes, and topics into themes, is inherently subjective and relies on the reviewer's interpretation and knowledge of both the paper and the general subject area. Initial coding was informed by the governance and policy literature on environmental management, focused on broad themes such as 'governance', 'policy', and 'theory', and refined as the coding and analysis progressed.
Papers were coded based on the major topics derived from their abstracts. The complete set of codes across all papers was then reviewed and combined where the topics addressed were similar. This was an iterative process, with abstracts reviewed seven times to ensure that the codes adequately captured the content of the papers, and to further refine the topics and themes. The boundaries between topics and themes were sometimes uncertain. However, we assigned all papers to only one theme, and to only one topic within that theme. The analysis was then repeated to identify papers that addressed more than one theme, and more than one topic within a single theme, to identify connectedness in FRM research -and to account for papers that could not be easily categorized into any single theme during the initial rounds of coding.
We acknowledge the limitations to our results owing to the choice of search terms. Represented in our analysis are only those papers which self-identify as relating to flood resilience based on title, abstract, and author-defined key words. Thus, our search omits papers which may contribute to flood resilience knowledge that did not explicitly identify as addressing the topic. Our exclusion of 17 papers relating to coastal flooding due to sea level change, and our focus on studies of westernised countries, means that our results primarily reflect research on surface water systems in developed nations. A comparison of resilience research in FRM for developed versus developing nations, and for coastal versus surface water systems may provide for an interesting study of its own. Finally, our focus was on understanding the state of scholarly research as presented in journal articles, meaning that we do not capture valuable research that is selfpublished by multidisciplinary FRM initiatives, such as the International Centre for Water Hazard and Disaster Risk Management (ICHARM), and the EU's STARFlood project.
Results
A total of 258 journal articles were identified that met the search criteria. The first paper addressing flooding in the context of governance and resilience was published in 1987 (Corradini et al., 1987; Figure 2) . It took another 20 years for FRM governance and resilience research to gain momentum, as 91% of all papers identified (n = 236) were published between 2008 and 2016. Research discussing various aspects of FRM governance and resilience are not necessarily limited to this timeframe; however, results do indicate that flooding has only recently been addressed in these contexts. We expect that a much larger pool of relevant FRM research exists -research that is published outside of the academic press or does not self-identify as being focused on FRM governance, adaptation or resilience. The doubling of papers published between 2015 and 2016 could mean more research engagement or it could simply reflect greater adoption of the terminology around FRM governance, adaptation or resilience.
Advances in FRM research
Five key thematic areas relevant to FRM governance for resilience emerged from coding of the 258 abstracts considered. These themes, described below, are: stakeholder engagement, policies and action, research on practice, supporting tools, and frameworks (Table 1) .
Theme 1: stakeholder engagement
The theme stakeholder engagement includes those papers that discuss organisations and their structures, interactions among stakeholders and stakeholder perspectives in relation to FRM. A total of 77 papers were identified and coded into five major research topics. Approximately 30% of papers under this theme addressed individual and group perceptions and behaviours related to flood risk and governance effectiveness and how these influence FRM and the development and acceptability of FRM strategies and policies (e.g. Ingirige and Wedawatta, 2014; Jeffers, 2014; Thorne, 2014) (Table 1) . Next, 30% of stakeholder engagement-themed papers focused on collaboration and communication; addressing the communication of ideas, experiences and information between organisations, why communication is important, and providing examples of collaborations and the effectiveness of different types of collaborations (e.g. Head, 2014; Thaler, 2014; Osberghaus, 2015) . Structures and styles of governance were similarly addressed by 21% of papers. These papers focused on the different styles of governance that have been or could be used in FRM, such as hierarchical, decentralised, polycentric and panarchy (e.g. Nye et al., 2011; Johannessen and Hahn, 2013; Stevens and Hanschka, 2013) . Approximately 14% of papers focused on public participation, addressing the importance of and/or methods of public participation and the importance of appropriate and effective public communication in FRM processes (e.g. Neuvel and van der Knaap, 2010; Cashman, 2011) . Only 4% of papers examined stakeholder roles and responsibilities in relation to FRM governance. These papers addressed how national, regional and local governments, as well as conservation agencies, businesses, and community interests are or should be involved in FRM.
Theme 2: policies and action
Policies and action-themed papers discussed or analysed the effectiveness of existing or past FRM policies and actions, or proposed alternative policies. The 48 papers in this theme addressed three main topics: separating the paradigms of FRM, combining the paradigms of FRM, and post-flooding studies and analysis. A total of 40% of papers in this theme presented post-flooding studies that analysed specific flood events to assess their financial, engineering or human impacts (e.g. Coulthard and Frostick, 2010; Smith and Lawrence, 2014; Wedawatta et al., 2014 ). An equal number of papers (38%) focused on separating FRM into opposing paradigms, examining FRM policies and actions within either a resistance-or an adaptive-based approach. These papers set the two approaches as being opposed, either explicitly or implicitly (e.g. Kundzewicz, 2002; Tempels and Hartmann, 2014; Zheng et al., 2014) , or focused on specific examples of each paradigmatic approach (e.g. Escarameia et al., 2007; Surminski, 2014) . Finally, 23% of papers addressed a combined approach to FRM, wherein the focus was both resistance and adaptation. These papers described the combination of approaches in terms of justification, effectiveness and outcomes for FRM (e.g. Gersonius et al., 2013; van Wesenbeeck et al., 2014) .
Theme 3: research on practice
Papers grouped under the research on practice theme focused on how FRM governance and policies operate, often proposing or critiquing new or alternative strategies, policies, or options for FRM. The 27 research on practicethemed papers focused heavily on barriers and solutions (63%) and less often on how to put principles or theory into action (37%). Barriers and solutions papers concentrated on identifying barriers to successful FRM strategies and proposing potential solutions. Examples of identified barriers include: path dependency, where policy approaches have become entrenched through repetition; hierarchical governance, which stifle local decision making (Haase, 2013; Jeffers, 2013) ; and differing priorities between stakeholder groups (Butler and Pidgeon, 2011) . Theory into action papers focused primarily on case studies of the implementation of FRM strategies, polices or actions -such as the failed implementation of a floodplain restoration project in Germany (Guerrin et al., 2014) , and the effectiveness of risk communication procedures as part of a flood risk assessment process on the Sihl River, Switzerland (Buchecker et al., 2013) .
Theme 4: tools
The fourth theme captured 101 papers that focused primarily on supporting tools for FRM. Tools include programs or prescribed procedures and processes that can be used for forecasting, hydrological modelling and in aid of FRM planning. These tools generally involve some sort of data input (e.g. property values, hydrological data, stakeholder priorities) to provide information for planning decisions (e.g. risk analysis, seasonal flood risk assessment, economic assessment), and include mapping applications for flood risk planning and communication. Three topics emerged in this theme, with prediction and modelling tools garnering the most attention at 53% of the papers. These papers developed or proposed, and in some cases demonstrated, specific tools for flood forecasting, flood flow modelling, and flood frequency prediction (e.g. Wang and Liang, 2011; Yazdi and Neyshabouri, 2014; Seo et al., 2015) . The second most published topic, addressed by 33% of papers, was assessment and planning, which examined existing and proposed tools for assessing vulnerability to floods (e.g. Prudhomme et al., 2013) , and the potential structural and financial impact of floods (e.g. Veerbeek and Zevenbergen, 2009 ), and sometimes aimed at supporting FRM planning processes (e.g. Zhou et al., 2012; Golz et al., 2015) . The third topic, policy appraisal and decision making, was addressed by 14% of papers, and focused on tools to appraise policy alternatives, such as real options analysis to assist in mitigation investment decisions (Woodward et al., 2014; Gersonius et al., 2015) , and multicriteria decision analysis to support FRM decisions in multistakeholder environments (Porthin et al., 2013) .
Theme 5: frameworks
The final research theme consisted of papers focused on supporting frameworks for FRM research, practice and policy. Although there were only five papers classified in this theme, they covered three different topics. Two papers addressed practical or applied frameworks, which discussed processes for developing FRM strategy and implementing policies. Gersonius et al. (2012) , e.g. addressed adaptation process for resilient flood infrastructure, which sets strategy, monitors performance and allows for adjustment and response in relation to knowledge gained through monitoring; whereas Sendzimir et al. (1999) 
Siloing in FRM research
Approximately 40% of the papers (108 out of 258) analysed demonstrated connectedness across FRM research themes (Table 1) . Of the papers that connected across themes, only 15 (6%) connected their primary theme to two other research themes. None of the papers connected their primary theme to more than two other themes. Approximately 75% of the papers in the research on practice theme were connected to at least one other theme. Within individual themes, topics varied in the number of times they connected to other themes (Table 1) . Within the stakeholder engagement theme, e.g. the two most common topics -interplay, collaboration and communication, and perceptions and behaviours -were most often studied in isolation. Similarly, within the tools theme, prediction modelling and forecasting was the most commonly studied topic, but it also had the fewest connections to other FRM research themes.
Enduring issues, gaps and opportunities in FRM research
Siloing is not uncommon in environmental management, especially in fields that have strong scientific, practical and policy components (Morrison-Saunders et al., 2014) .
Research silos can provide a meaningful opportunity for disciplinary-specific discovery, but they can also stifle progress toward understanding how to effectively manage complex systems with inextricably linked human-environmental interactions (Sheate, 2009) . Although much progress has been made in FRM research, overcoming the siloing of research presents a major challenge to strengthening flood resilience. Below we address how these silos manifest in the sub-set of FRM literature we analysed, and propose directions that may help bridge these divides and aid in the overarching objective of increased resilience to floods. First, there is a clear divide in the FRM literature between the social and physical sciences. This was evident in the low connectivity of two key research themes -stakeholder engagement, focused on social interactions and FRM governance structures; and tools, focused on methods of flood prediction and assessing physical vulnerability. Such thematically-focused research is important for developing an understanding of the many dimensions of FRMe.g. social perceptions about flood risk, or how to improve flood simulation under increased climate variability -but a more holistic approach to FRM research is needed to truly understand and enhance resilience to floods. The need for interdisciplinary (and transdisciplinary) research is not a novel conclusion Harden et al., 2014; Olsson et al., 2014) ; however, the structure of the many agencies funding research continues to pose a major challenge to more integrative FRM science. In most countries, funding agencies are aligned along traditional disciplines. In Canada, e.g. the primary funding agency for scholarly research, Tri-Council, is divided into three bodies [two are the Natural Sciences and Engineering Research Council (NSERC), and the Social Sciences and Humanities Research Council (SSHRC)]. NSERC and SSHRC have limited crossover in scope -NSERC does not support research that integrates a strong social science component, and SSHRC does not support natural science and engineering research (Noble, 2015b) . Challenges are similar in the UK, where the environment, physical sciences and arts are separate streams under the Research Councils United Kingdom. Truly integrative work, though often encouraged by most granting agencies, is supported only through a limited number of opportunities, such as the United States National Science Foundation's (NSF) 'crosscutting and NSF-wide' and 'integrative activities' initiatives. If FRM research is to address the complex governance issues surrounding flood resilience, such as flood risk, flood tolerance and adaptation under rapidly changing climate conditions, and contribute to the development of resilient FRM strategies, funding agencies need to provide dedicated programs to encourage truly integrative research.
Second, FRM governance research is siloed from practice and policy; only 7% of the papers in our analysis could be categorized under the research on practice theme. This limits the transfer of important knowledge about flooding and resilience between scholars and practitioners and policy makers: '…policy-makers and managers often indicate that they do not receive the information they need, scientists are frustrated when their information is not being used, and ultimately, communities remain vulnerable in the face of extreme events and environmental changes' (Vogel et al., 2007, p. 350) . Ensuring that FRM research is relevant to, and adopted in, FRM practice and policy making requires a forum for FRM scholars, practitioners and policy makers at regional and national levels -a forum to facilitate mutual learning and to identify current knowledge gaps and thus collaboratively drive new and meaningful policy, practice and research opportunities. We suggest the need to step back from the current, independent and often-individual researcher-led research agendas, and develop a more strategic and integrated FRM research for policy agenda. There has been some recent progress on this, namely the advent of FloodNet in Canada and the Flood and Coastal Erosion Risk Network in the UK. We acknowledge that these networks are relatively new and are thus just beginning to gain momentum at the time of our analysis of the scholarly journal literature. But, these kinds of networks should play a more prominent role in shaping FRM policy and research agendas elsewhere too.
Third, we found that most research addressing tools in the FRM literature focused on physical science tools -for use in climate modelling, and flood modelling and prediction -with much less attention on tools to address the social dimensions of FRM. Progress has been made on understanding and communicating vulnerability to floods and FRM policies (Burch et al., 2010; Lee and Chen, 2011) , but our ability to model and integrate the social dimensions of FRM into policy and practice is limited. Better coping with uncertainty and building social-ecological resilience to floods requires tools not only to address the physical attributes and socioeconomic impacts of floods, but also tools that are capable of integrating societal perceptions, priorities, needs and expectations into FRM policy development and decision processes (see Burch et al., 2010; Godden and Kung, 2011; Clarvis et al., 2014) . Multiple social sciencebased tools and methods found outside of the flood literature hold considerable potential for application to tackle complex FRM problems. Examples of these tools/methods include fuzzy cognitive maps for improving both the engagement of stakeholders and the more effective integration of their perspectives and priorities in decision making (Strickert et al., 2009; Kontogianni et al., 2012) ; tools designed to assess and improve governance structures to support adaptation to new policies (Pahl-Wostl et al., 2013) ; tools for trade-off analysis between societal and ecological needs (Daw et al., 2015) ; and methods for identifying relevant stakeholders in policy decisions and facilitating knowledge transfer (Crona and Parker, 2012) . FRM needs tools that can help practitioners access relevant knowledge efficiently, integrate competing knowledge claims into collaborative FRM policy-development processes, and account for and influence the diversity of stakeholder perceptions and behaviours. The development, or adaptation, of social tools to support FRM resilience is a significant research opportunity.
Fourth, we found a tendency for academics to conduct research on FRM tools in disciplinary isolation, and to focus very little attention on frameworks for the integration of tools. Tools for prediction, assessment/planning, policy appraisal, and decision making are often developed without reference to one another, creating a challenge for their adoption in FRM practice. Further, FRM tools developed in isolation are unlikely to perform well in practice where forecasting, assessment and decision making -key components of FRM governance processes -need to be strongly linked. The consequence of a lack of integration of social and physical aspects of flood risk is that FRM practitioners are forced to rely on a bricolage approach -using the best tools that they can find and combining and adapting them to purposes they might not necessarily have been designed for. This is a common issue in the environmental sciences, and so guidance toward a solution is available from other disciplines. Sheate (2009) , e.g. discusses how environmental impact assessment, strategic assessment, sustainability assessment, and cost-benefit analysis are essentially different tools for addressing the same greater problem of ensuring environmental protection in the face of development. He argues that the lack of research integration among the experts who develop these tools results in a lost opportunity to integrate different perspectives and identify beneficial or essential connections for tool transference. The important message for FRM scholars is that the advent of integrated FRM tools is likely to yield more rapid advances in our understanding of linked physical and social influences on flood risk and improved FRM governance. Indeed, there are recent examples of progress. Di Baldassarre et al. (2015) , e.g. used agent-based modelling to integrate social and physical aspects of flood risk. Further, progress in tool development will be aided by enhanced data availability provided by services such as Munich-Re NatCatSERVICE (a source of flood data for trend analysis) To advance FRM tool development -tools that are integrative and flexible to local or regional flood and governance contexts -needed is greater collaboration across the FRM research community, as well as enhanced collaboration with practitioners.
Finally, notwithstanding the increasing volume of FRM research, there appears to be very little research focused on the development of supporting frameworks for organising FRM knowledge and expertise either in practice, governance or in academia itself. Although there is no single, agreed upon definition of what constitutes a framework, most literature describes a framework as a means to foster collaboration, share knowledge, determine roles and responsibilities, and provide an arena for continuous learning and policy development and evolution (Pahl-Wostl et al., 2013; Clarvis et al., 2014; Cosens et al., 2014) . Our analysis indicates a current lack of the organisational influence and collaborative atmosphere provided by frameworks, with only 2% of the analysed papers focusing on the development or use of frameworks as an organisational influence, and only 5 papers with a secondary connection to the frameworks theme. Particularly concerning is the limited research on governance frameworks -how best to organize and structure institutions, people, data and responsibilities for building floodresilient societies. There is a large body of literature external to FRM research addressing frameworks for environmental governance and public policy, focused on the roles and responsibilities, decision making structures, and the participatory and institutional arrangements appropriate for promoting sustainability, learning and adaptive capacity in the face of environmental change (e.g. Armitage et al., 2012; Bakker and Morinville, 2013; Westley et al., 2013) . How best to introduce these frameworks and concepts into FRM policy and practices needs to play a much larger role in the FRM research agenda.
Conclusions
The increasing frequency and severity of flood disasters suggests that, without effective and appropriate actions, societies will become more vulnerable to floods. Flooding events are often unpredictable, flood control infrastructure is not always reliable, and societies need to become more resilient to floods. This is not to suggest that flood control structures are not critical to the solution; rather, that FRM based on resistance needs to be combined with adaptation approaches to understand and enhance resilience to floods. Our analysis of FRM research showed a significant increase in attention amongst the scholarly community, particularly over the last decade, to various aspects of FRM governance -particularly stakeholder engagement, policy effectiveness, how FRM institutional structures operate, tools to aid in flood forecasting and planning and, to a much lesser extent, frameworks for organizing institutions and supporting FRM implementation. That said, we also observed that FRM research lacks integration, and ways in which to foster integration are poorly studied -in part, a function of the culture of specialization amongst the academic community (Sheate, 2009; McGraw and Biesecker, 2014) .
FRM is a complex challenge and comprises many interacting scientific, practical and political dimensions. Advancing the FRM resilience research agenda requires, at a minimum, interdisciplinary and transdisciplinary research that integrates across the physical and social sciences, supported by government funding programs that transcend the physical-social science boundary. For this research to be influential, a more tightly coupled FRM research-forpolicy agenda is needed than is currently the case, to better direct both research needs and policy advances. This means that researchers must not only continue to improve physical science tools for flood forecasting and modelling, but also advance social science tools that aid collaborative FRM policy development processes. We suggest that this is best achieved through the development of collaborative frameworks. Such frameworks would facilitate collaboration both within and between the researcher and policy/practitioner communities, and ensure that the tools developed to support FRM are meaningful in practice, operable across human and natural contexts, and serve to facilitate continuous improvement of FRM governance. Examples of frameworks that aim to facilitate this level of collaboration do exist, including the International Centre for Water Hazard and Disaster Risk Management (ICHARM), National Water Centre (US), the National Disaster Reduction Forum (Canada), and the Centre for Research Excellence in Water (Scotland). The long-term success of such frameworks and initiatives hinges, in part, on a more integrative approach to, and understanding of, FRM resilience.
